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Jr^es AreO^istoriafis 

EverybnaUelights m the beauty and 
the vitality of living trees. They provide us 
with an endless source of pleasure, for 
eventhough most of us are expose^ to trees 
every day, we never tire of them. Indeed 
each year more and more of us turn to the 
forests and the woodlands for vacations and^ 
for retirement. Perhaps trees fascinate us 
because they arelruiy the "giants" of the 
plant world; we are awed by their size and 
theirsilent strength, and this in turn may 
cause us "^o wonder about the lifeforces 
contained within the tre^' structure. 

Botanists and hydrologists have long 
sought to unravel the secrets of jjiese. 
life forces from Nature's "giants'^^^-to 
determine what hydrologic and environmental 
information is revealed by their growth 
records. They have discovered that trees are 
Nature's timekeepers, her historians. 
Trees tell a fascinating story t^ut, to under- 
stand it, we must look inside the tree. 
And herein lies our story* 

If you look at the top of a tree stump, 
you will see that it Is composed of a series 
of concentric rings— free r/ngs— that become 
larger and larger in diameter outward fr^ifi 
the center of the stump* Tree rings possess 
highly individualized characteristics that 
reveal many facts about past water and . 
climatic conditions. For example, suppose 
you notice that several of the stump'e-^"^ 
tree rings seem unusually narrow. You have 
just unraveled part of the story of this 
Nature's timekeeper — these narrow rings 
may be climatic records of extreme drought 
years. Because a single tree ring, a 
growth ring, Is usually formed each year, 
the age of the tree when it was cut can be 
determined by counting the rings. If the 
year of cutting is known, the year during 
which each ring was formed can be 
determined by counting backwards from the* 
outside ring. This process is called ''dating,'* 



What Are Tree Rings? 

To grow, trees must increase the size 
of their xy/e/n {woody portion exclusive of 
b Jk) by adding new tissue between the 
existing xylem and the bark. Such new 
gro\fth. usually occu/S according to a 
seasonal pattern. Trees in temperate f?.g|ons 
typically experience an annual cycle — 
a strmmer growth period that begins with the 
opening of leaf buds in spring and a ' ^ ' > 
winter dormant period that begins with the 
dropping of leaves in aJtumn. 

Growth depends upon the abundance of 
soil moistfjre in this annual cycle. Moisture 
normally reaches Its peak of availability 
in early spring and its low in late summer. 
In response to this moisture cycle, the 
growing tree forms two tvpes of cells; ^ 
large thin-walled cells in the early part of the 
growth season when soil moisture is 
abundant, and small thick-walled cells during 
the latfer part of the growth season when 
soli moisture Is less available. . 

Tree-ring boundaries are distinguished 
as an abrupt change of appearance between 
the^mall thick-walled cells produced at 
the end of a growth season and the large 
thin-y. ailed cells produced at the beginning 
of the next growth sefason. The wood 
between these two consecutive boundaries 
is formed during one growth season and 
thus is technically referred to as an annuel 
Increment of grov/th or, more popularly, 
as a growth ring or free ring. The three basic 
categories of wood types show their highly 
.individualized ring characteristos. ^ 






NONPOROUS WOOD— Ring boundaries of moii 
oonporous wood (such as most evergreens) are 
the breaks between the band of darker colored 
cells (the unai^ thlck^atled ceils formed at the end of 
a growth season) and the much lighter colored wood 
just outside the dark band 
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RING POROUG WOOD — The ring boundafy of ring 
porous woods (such as the oeks) is- the break 
between t^e small thlck^afled cells fOrmad at the end 
ol a growth season and thewery large open vessels or 
pores formed at the begiuofn^ of the next season of 
growth. 
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DIFFU3B POROUS WOOD — Although often difficult 
to dfstrngul§h with the naked eye^ the /ing boundary 
of diffuse porous wood (including maples, yellow 
popfars. end sycamores) Es the aroD between the^ 
fine llgnt-colored lines formed at the end of the growth 
season by vary small ihick^wslled cefld. 



Jxee Rings: Growth Layers 

Looking down at a stump top, it may 
be difficult to visualize how tr^ rings go ^ 
together to imake a tree. Perhaps this is 
because a t/ee is a three-dimensional object 
and a stump top displd^s only two 
dimensions. The itlea of three-dimensional 
growth can be clarified, however, by 
disregarding for the monrfent the leaves, 
branches, roots, and bark, and considering 
oniy the wood portion of the tree tfunk- 

At the end of its first summer, after ^ 
germination from aseed« a tree seedling is 
composed of one annual growth increment 
or growth layer. This somewhat cone-shaped 
increment, a fraction of a cent>meter in 
diameter and orfly a few centimeters high, 
will not grow or change dimensions after the 
year in which it was formed, but will remain 
the same size and in the same position as 
long as the tree^exists. 

During the second year, another annual 
qrowth incremerft is formed around and 
above the first year's increment. At the end 
of the third year, an increment has been 
formed around that of the second year, and 
similar cones of growth are formed in 
each succeeding year. The "growth incre- 
ment of each year thus increases, the ^ 
diameter and height of ihe tree trunk; 
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Sach year a tree grows it adds another growth 
fing.' 
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but once each increment has beeh 
formed, it remains "Unchanged in size or ^-^ 
position during the life of the tree. ^ - 

Tree rings form a part of Nature's 
permanent historical record of environmental 
conditions. For example, consider a non- 
typical year such as a year of extreme 
drought. A tree wiil undergo little new»growth 
during such a year As a result, growth 
may not extent to the base of the tree, and 
a tree ring may not be formed in thebas^ 
section of the trunk. Whether or not a ring 
is missing can be determined by comparing 
a section of,basal rings with a section 




The Htustration of a troe frunk represents a hypo- 
thetical sKuation that woufd resu't rrom growtr^ 
under average environmental conditions (no floods/ no 
droughts, no extreme temperatures), h generate growth 
begins at ihe top of ihe iree and progresses toward 
the base, AUKougK ihe widih of eacn ring (ihe "ring 
size'O decreases from ih^ center, the total cross^^ 
sectfonat area remains the same for each year. 
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of rings containing all growth rings but 
■ taken higher ip the trunk. The missing rings 

visual records of years o^jextreme 
"environmentafconditions — in this case, of 
/yearsbf drought 

Tree rings also/r^a r&cord of vegetative 
history m a particular area, T^^ee!^ Ihaf^ave 
' ^rown tip in an environment free of^ 
^ competition for sunlight arid moisture exhibit 
a ^^ttern of large open ring growth* 
particularly within the early growth years. 
' In corrtrast, trees that have developed in a 
■ highly c^petitive environment will reveal 
an eaPTygrowth pattern of narroWfClosely , 
compacted rings. Depending on the degree 
of co/npetition,tree-ring patterns will, 
change.'Tree rings r^fovide a continuous 
record of vegetative change and 
envlrpfi^ental effects. 



Collecting Tree-Ring Samples 

Tree stumps, the ends of logs^ and the 
tops cf poste'^provide the best oppcfrtunities 
to examine tree trunks in cross section* An 
interested observer can usually find some 
good tree rings to examine in his immediate 
neighborhood and in nearby wooded^ireas. 4* 

•Botanists and foresters, who nee^ to 
examine many tree-ring samples and cannot 

{ be limited to looking at rings from trees 
that have been cut down, hav? devised a 
tree-boring method to collect tree-ring 
samples from living trees without harming , 
the trees^ This method uses a hollow 
metal bit, called an increment borer, which' 
Is twisted into a standing tree to remove a 
pencil-sized sample or core. This ^ 
sample provides valuable tree-ring data 

^ that can*be readily stored for later laboratory 
studies. ^ 




Even ihough rheso <wo sstiHons conlain Ihe 
; . satra number ol tree rings, they show Ihe elfect of the 
- dr vironmenr on ring growth. Sofirion A is from the Colo- 
: : rado biue spruce that wdd rranspOnted to (he White 
; House lawn and used as the Ndtional Chnsimj^s Tree. 
1 1975-76, and fhows the large rings formed In frees 
J. growing jn lawns and other open areas. Seeiion 8 is 
from 3 Virginia (jine thai gfew at Cedarvirie.Slale Park 
\-h Maryland aid shows ihe narrow growth rings more 
^- ..typical of t;e0G v^tth smalt crowns* such as unde;slory 
liMs In eastern Jofesis. ; 
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Diagram of an Increment borer- -a tool used in 
obtaining core samples from live trees* 

Tree Rings: Historical Records 

Counting the rings of a single cross 
section, such as a stump top^ reveals the 
number of years the tcee grew after it reached 
ihat height By counting backwards from 
tneyear of the outside ring (year of last 
growth season before the tree was cut), 
each ring may be labeled with the year 
during which it was formed. If any rings were 
missing, then the dating Is inaccurate. 
If none of the rings were very small, however, 
it is unlikely that any will be missing. 



Knowledge of the ages of selected 
. trees rn an area pr'ovides a thme reference 
forclimatic/environmental conditions or 
^events of historical significance. For example, 
tree ages can indicate: \ - 

it) the minimum number of years since 
a land^sujl'ace^first became suitable 
for germinatipn'anci growth of 
tree seedlings; ^ 
(2) the minimum length of time since 
farmland was abandoned or no 
longer cultivated; or 
the minimum^number of years since 
- new lantTsurfaces were created, 

such as by land fill^, road cuts, 
' floods, or glaciers. 
. ^ The specific year during whfch a tree 
was damaged can also be determined if the 
tree rings can be dated. Thus it is possible 
to date.the event or condition that damaged 
the tree, tf a patch of bark has been 
removed from the tree, v^lch kills the 
delicate growth tissue beneath* the date of 
such damage can be determined by counting 
the number of rings in an adjacent 
undamaged area after the damage occurred.^ 
This method has been successfully 
used to date and identify such events as 
forest fires, ice jams on rivers, and the blazing 
(marking) of boundary trees: 

Tree-ring counts have alsd been used 
to date events such as floods, landslldesi and 
hurricanes, that have partially tipped 1rees. 
Terminal shoots of trees tend to grow 
upward. If a tree is tipped over, new shoots 
will emerge an^^row vertically at an angle 
to the axis of the bent-over trunk. 
The event that tipped the tree can be dated 
by counting the number of rings in the 
new shoots that have grown verticalli' 
from the tipped trunk. 




T(ee-Ring Cross Dating 

Cross dating is a method of dating^ 
wood (including trees, posts, and structural 




Date of <SarmQe to tree trunk 
can t9 dfltefmtned by count- 
MI6 nt nit>er ol r^o$ formed 
after (to outside of) the ' 
damaged ftng- 



Ash tree, on flood plain, that 
was knocked over by one * 
Rood, partty burfed by 
anottief, and exposed by 
th^d. (A) Original trunk 
ped over by fh»d. (B) Verti- 
cal spfOut that grew after 
tree waa tipped over- by 
fbod. (C) Root that grew 
From tipped jrunk after the 
. secoiid flood and ihen was 
exposed by a thif d floods 



Concentric rfngs neerthd 
centerwe^e formed whan 
trunk wee jo an upftght 
position. The outer eccen^ 
tfic rings were formed alte^ 
Ihe trunk was tipped. 



beams) by comparing the ring patterns in 
the older wood with the patterns in more 
recent wood. Such dating is possible 
because of the variation in ring size. 

■ Examination of a number af wood samples " ^ 
frorn a given area reveals that variation in 
ring sizes appears to follow a patiern. 

if the same ring pattern can be identified 
in two pieces of wood, one of which has 
been dated, the second piece can be dated 
from the first by matching the ring pattern 
common to both pieces*^ This method 
is called cross daf/rtg./Scierrtists at the^ 
University of Arizona Laboratory of Tree-Ring 
Research have used this fn^thod to 
establish continuous ring records of rnore 
than 6,000 years. With such records, the 
Scientists have been able to determine when 

..trees used as stru" tural t)eams in ancient 
Indian cliff dwellings were cut. Elsewhere, 
cross dating has also Enabled historians 
to date locally obtained wood more than 100 
years oldi such as wood used for structural 
beams in buildings constructed by early 
settlers. 




BIng Patterns of undated wpod samples 
can be matched or cross dated for age with other 
samples that have been dated by Identifying tho ring 
: pattern common to all samples. 



Cross dating can also be a*useful tool in 
working with short records from rnore 
recent samples of wood. For examlrfe^^cross 
dating can be used to determine when a 
tree was killed by recent but unrecorded 
floods, fires, or other events. In the case, of 
floods, the position'dflb^dead tree on the 
stream bank also gives a minimum height 
for the flood, 

Tree-Ring Patterns 

Examination of a stump top may reveal 
an occasional very small fing that upon \ 
dating, is found tc correspond to a known ' 
year of extreme drought. Further. an 
occasional yery targe ring may correspond 
to a known year of excessive rainfall. 
Between these two extremes, rings may vary 
j^onsiderably wflhout correlating directly^ 
\Vith any extreme environmental conditions. 
Obviously, many combinations of environ-\ 
mental Actors can result in a tree ring of the 
same size. The more complex the environ- \ 
ment, the more difficult it is tn sort out the \ 
f>artlcular combination of factors that have \ 
produced a certain ring size for a gfven yeai\ 
Cross dating de^jends on this pattern of\ 
variation in ring size. Within a given area, \ 
the ring patterns of trees of one kind may 
be quite similar. In addition, the patterns ^ 
found in different kinds of trees in the area 
may resemble each other. The similarity 
musE be caused by something common to 
all the trees — environment. Because each ' 
tree grows in a somewhafdifferent 
microenvjronment, however,.parts of Its ring 
pattern are also somewhat different from 
those of other areas. Therefore* similarities 
in ring patterns can be expected among 
tre^s in an area resulting from those a;jpects 
tt theareal environment common tc all 
T^trees, In addition, the rf|Ore closely trees 
from a given area cross'^date with eath other, 
the mor^ closely the ring patterns will be 
f^xpected to match r^ional climate 
patterns. Much re^^afch, particularly 
in the Great Dismal SwaTnp, Va., has gone 
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Adverse onvffonmentai conditions durfng 1d23f1d25* and 
1926 flowed 9 'ovfth and Produced narrow tree rings In 
th/ee difrerent tobiofiy pine tree^growrng injhe Great Dis- 
mal Swamp. Virginia. Note that the narrow rrng Pattern h 
refieqted not onJy fn total ring width of aafiywood (l^ght 
portionbf ring) btit also if? )atewood(dafkPortionofring). 

intQ determining what kind of tree and what 

habitat combine to resuit in tree-ring patterns 

that more closely reflect regional environ; 

mentai conditions rather than_k3cai micrp- 

environmental deviations. 
* 

Present and Futile Uses of 
Tree-Ring Studies 

Dating of tree rings and dating ytith tree 
n'ngs have been perfected to the point that 
tree rings may be used to date numerous 
events and conditions. The University of 
Arizona Laboratory df Tree-Ring Research , 
has made considerable progress in calibrat- 
ing tree rings from the West and Southwest 
with climatic conditions. These calibrations 
have been used successfully to reconstruct 
climatic conditions of the past 400 years 
tKroughout North America. It will be possible 
to greatly refine these reconstructions as 
tree-ring collections from the Eastbecome 
available ^d can be incorporated into 
calibrations. 

At present, the Water Re sources Division ' 
of the U.S. Geological Survey maintains a 
Tree-Ring Laboratory at the National Center 




A television system used Iof detailed scanning dhd meas- 
urGinent of wood^ampresatfheTreermng l^lsoratory in 
RestontVirglna.. - . ^ . , ' . 

in Reston, Va. (near Washington, D.C.),The ' 
laboratory conducts research r^atlng tree 
^tewth with hydrology. Studies areljeing 
conducted to help hydrologists.use tree rings 
to estimate hydrologic conditions in areas 
where no other records exist and for periods 
before records were collected. Research has ^ 
demonstrated that tree-ring records in the 
humid Eastern United States can be success* 
fully crQSs^dated. This has led to current 
researcMn calibrating tree-ring records with 
hydrolmic recorfis that will enable estimation 
of yearly variation in streamflow of small 
streams and water-level variation in forested 
Wetlqhds.. 

. Tree-ringstudieshave revealed many ways 
in wHich changes in various climatic/environ- 
mental factors Effect growth throughout a 
tree afid have demonstrated that much infor- 
mation about past'environ mental conditions 
maybe reconstructed from tree rings. Thus 
used, trees serve as natural recorders of the 
environments in which they live. Tree rings 
are already proving to be excellent historians* 
but much work remains to be done before we - 
wjll use fully and see clearly through these 
windows to the past. , . 
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